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1,Sk.lmlk I htI p Irmttl i.r II - h /dJ(n,/H,,I =IHI h

~r,~.11 ,*r IIIJII IIII[t V. 11111 rr~frrlmh q ~ I .in~urwl
tlhll Mm k Iuk HIIIIIIII Wi th WI’’I’l IInI\t. h* III IInC’I. ”l-I III
t Ill- mjrr r I r,w~(o~ rt IICI, will hr ~t{lhl,,.

rlp~l Imlwl ml .“fllm”.l ml q -“ ?- 1 nl I h~~ pln Hmfi ,n,l~,m

nro rqu I rd 1.w ~1 .lhl!~ II knmnk IIp,lrill I,mr. Ihl I 111,
It I hl r II JIIII, I hlI n~ls Opl. r.l I P.1 WI 1h q lvHn llIruI

Ull[l l”, q ;II. I II;I I IV t u I I I IIK I h rmui:h :1’r,! nnd

hor,wl III: 111-1:I I 1.W IUII I I JII I tn. PI .IWI rr~l IUI. nil.

pr,mu,w, 0 III .I fr.1 vi I W Iv* IIJuI. I I nf. .Ihwl I rql ,IIWIII
1111, q > I :Il:Ihlllty ,.rllurlnu wllh nnr Ilnri

rqwl ri,,i (,lq/Jr) t I?: 111111 III, tin. vnr!mll lIIIt d

11111 plmIW-i I/1 I I.111 ldw.ir IIIIIW14 nol ,,”1, Ihl I ,1

mlII :mn III t h.. rv~lw ,vw IIWIIII 11:1 I ho I“OIICIIII.I lIId
WIIO1 I , TtIIO r,~,trl mr ,11.l:ulvtint IW u ,1. IMIW[,11 .III WI t II

(IISII IIVII) WIII I !it.thl I Itmt I,m III (.11”1 lVOI~ ImISlI

I I .Ih I I I *III 11111,Ir, rIMII II t.rwd hy I ho JIJv.1111.IHOII I hw
RW qIprM.11’11 onh I h 1I ~ wbn rwll c’1111111rn I nd hv I h-

‘1 ~ I orlt,, rlnll. IMPIS III ltIII ~lr Ihlr ~ .. I
rnn.llr.llnl Inpl 10.I WWII I VnlII-F I III H/r

K
#rlI,l n,, ;11

wlIII’h III Iuru Imrwl M IIIW Iml II UIIIK prti IIWII
}“

●

✘

‘: IIIIWI t h III 11111.I Ii” wtur,’ I v I-1,111111I. I I Iv h1114
hv tll,l p,ll,,l,lmlt I Ii!lil, 11.Is ril III I\l pl IW4.I

prwww III I 111.11 I 1111.I prouwr,l ( I. I.. , Ill,” P
p.tr 111111-It 1 I ,1 -m I ‘Im Iqll} 111.! uu,l,, r-
III I : I z.11 II-II d mwwl 1- I 1111,1 vwrw p’I wilt
Ill rllllllul V1l. 111.

‘i i 111.1~ B*/n, ,,, I II-II ,,,1 111,1 .,[II,.,. l~r,ll.l l,. II

,%111 ,11, I :11 11.11:111I .Ilw,l pll{w. II II Ilmlt.. Iul

t 119, lm,~ld.11 I 111111, Ilh. pl Iwi,I rwrlmnt I 1.~

Iinllld, nl 1,1 II-I, ,111 I , qwwr!i I Iv
I,roi.lll,lm,l .Il; :llll 11. I ,1 Idlnll. Ill. 11 IIlfl, 1111,11, -v
I. IWI-I II I .II III)! Rml IWqI I ICX ,11111IC..I.I .II I 1,, 111111

pl l-n.l 111,.lt II { 11.hl~b’~m

mIP coI ●trtllnc thnt q z 1 ●lso ltvldn En
Ilmtt ~ nn thu p .Inu mmpwrt rat 10, R/r . In
IIdd[t l,m cm cnglnt,rrlnfi mmd nyutmpdumtun
cnmqtr,n LnLn thmt ,IFmIqI:Irv I w-nmpcc t-rat I IS
torn Ittn, rrltitt.filly l~lrtir Inhnmogcnriclcn tn
rho toroltlnl field runult thnt In turn rny
1t,nd to trnppvd-pnrtlclo inntabllitir~ and
c.nhirnrod trnnnpnrt nf pmrtlrlon andlmr
cnvr~.

Ccnrrmllym LIIC q > I conntrnint driven thu

pl.vubl i,!l.,t~ ““fmrfill, rim !.11111l~!.wl I 11111lblkr,l
pm,i.llhl,~ N %IWIIH” (I,w rurr,wl) ro~i,,n

111~1WIWII Ilw pliwmll .IIIII Ilr.if wnll.

Al I IIIIIIKII Inplll%lllltltl ,Vl
lri,m ‘F!

I IIOW
I,llntmirlorf.lt [I, H iI rm .ii~lilril..till
I IWllnl,llu .11%1 1 Vi,wpllllll , I ha. •1~ h,uvl~tq ,iro
mI. IWqI.ll~ll.ll hv 1111. noo,l l,~r J p.1*.11.wily .WIIIIIUI.I III::
Ilrhl WJIII. A41dlt IIWIJI IV, 11111-tl,lr~iv [hnt 91Hf IMI
O.ql.qllh,,l Ill owl,llllldllll~ .11111mlllll.llllill~ 1110 II I-Jr
m:mlrmm-un,, fj:v ttF’1’ pl.IIIm.l 1.4 Ilill bllnwllm 1!111 II
,h i-l wlllpi 111,11lmllmllll.a~ ,.lll.rqv II mlj,llll 11,:1111,
,~1.,.r.11 ,,UI ,1,1 ,111 dml P.11 IV-III, II d 1)!111I I,ul 111-.,11.1,
I. I II ICII. m,rl, dlllllllll, IAuIIv, 11111,s tw 1111
1.111!.1111..1.11 11,11 11.1,1 1!1,1II K1.’wl hv 1111 , Illlhl- t,s Ill,,
Iihvwll”ll lq~lllnlll, w.1 III lui~llnr .IIIII .IwII.. ,.M, I: II
,Iv.11 l-m, lIIqlllriIiI I,sr I .Ilw.l Ilv-91, ,11,. iqm~r,ll IIUI: III,.

IIIW III S,IIWI llll.. II. II II.II hvri. IV h.IWId 1111 ,1 1,,11,:.
pill 1...1 f~,, .111 .1\ h,I1. h-mr,l ,q. itr II ICSII. Ill,.
l,l:,lr.lls 191 t.ni, r.,v 11.11llll.CI Iii.,, llwll II 111- p,w.1
I I.ll. I 11111 I I 11,1;) ,. IIWIIIIIUI I,tr 1111. h.lll+..luIl II MIIII.I
ml ,qw. r II ~,111 rl,l 1,.,.1 II .III III 1 l,. 1,.,11 ,1.11. III mJPmnIll I,

I 11,1.1 ,.,,,. ~,.,v I 11.11 1.1 1.11.1111,11.11.11 i,. ,11 11,,. 11~11:
11,1.11.1111.1!,,11,.11 I.lwll,l,l 1.1*IM I 111.11 WI Ill Iulluid Illprl -
! ,!ll,ll !.,! 11!,! ml filll.1 . ,1:111 ,.1101 ,,v I I ,111.11VI I mat,,r.l~:v

nv.llMvl, hiti~.:oI , I,,ilulru Iurlhi, t IhIWICIpIWIIt 11111

UI Illlv .

.’
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11[. Plmima Burn nnrl Ro.nctor ll~n Peli.Lq—. —.- ..— .— -_

4. !p.,(l;:ll l~ili,lll, ‘l~:t.,.r.rll,il.11 1,111. . . . . .

AN IqILlrriIl Iwlrll rv:,lr for !IM, llWll I* 1111,, I 11

Will,.11 lho pl.l,ml idwrll,:lllv hr. If I; I,, I}:U II 1,,11 (\-h
koV), :ll;,ll:l-!~.lrtll.1,, hi. IIlnx Inrr.,iluv,. IIM pl Wl,l
tonlnor.ll,lt,, I ,1 111-:11 },.\r ,1,,,1 rr.ln,pa,l: 1,,.84,,.4
111111.llqllvllf Iv m;llltl.1111 II I Ilrrmm 1Iv ,11.lhli. Itilrll
11111I I ,.ll~lf.r -l .iii:lll~l,.n II 1,:1.1 huru,lp .w.10111I ,,r

11111 llKlllil,,ll.lll #”,’ III’ .1 wlwtdv-all:ll,’ huril ill II 111(.l,,tl
,1.v,lt n i.! pt,rmll tw1. ,tl I 111:,,111 Iy,.lf IIMI.I III Ijllrll
i vr 1.,,1 ,1r,, 11.IItI.d .MI hnl i h ,,lu, r.lf Iiui III Wll 1,.11 I Ill,

11111111 ‘jr ,111.lrqt. l,{ pnrf 1411V hurl, d, qIIIIIIl,lII,Il

{Iml (lu.tl IIsIl I ron I ho .Ivqll,m III prupnr,ll 11111 I,jr .1

ldlihua~llll~.nt hlbru auvrl I., TIIl,l ,,r,~,od!lrv I,lr,,,im.,,,.nl.i

r h,- 110,1,1 rc, r :WII II ill.w:t,, ru Inr Irrpllrlfvl.luh

rmi.}:11 tml 1’!,s 1111, -I ii,,, i,i fU1.l ,Iu, 1111: Ill,. I,llrtl.

Mvll,l. ,,,1 ,r ,.11 dli~,.f,.tl Iilll.ti,tl-p,!u,.l I’vqlll 11.1.la,lll 4,

11,.1,:1111: !tl .1 I,l:hcil 1111,:1:11,,,t [11,1,,J-.,.ll,li,, 0,,, i,lu,l
1,,1.11 ; .111!1 1 ,+1!.1 ,1 1111.1 Lll , vi’ 1111}: Ill I Ill, II I*II
W.111, m l>!. I Ill ..ri,. l,lv-.lf .ir I ,yIt ll,r .II I r.i,,t 1,,, ,
ll,,u~..:,,r, ,111{1u:irr 1111 Illr’11,.r .IIIIdv.

Ill!. ul Irl,ip I Irw I i t.ilt,u ,1:1 11)- ,,1 I Ill,
,.n,. r .,,: ,.,11)1 Illlml,llf I 1“11,, Wll 11,11 I.1 ,!.11 Imll 1,,1 I ,! ,,,1

., I I I lr .1 r,, il,,l,, r pl.l.lmlm \ ,,lltlrllln.1 ill): ,,, ,,!, s,!1

I lr,~l wtl II wllh -In ol,~,.lrl,.nt OIKIU .I.. plh ,UIII{II l,,
I 111. .11 Irlll!l Ilw, ill ..111I i ,:,, ,1 I Ill, pl I.1m.1 ,11!!1

pl!,l. rlf.,.l 11,11 I r,,,:,, r,i.11 ,Itlrlu : II I,, II, I .* I .II. IrIWI

ph 1,1,.. *M Ililll.lllv, IIIIII,IITI Illr,l.:11 11,,1.1, 11, ,.
f ., .Illp,lrp, !!ll.,l ,Illt,l ,111 ,11! I ,, .111111! ,,lrl,i.l 1’ ill.l,’,:,ll
,.ilr r,.. I 1.111 rl,,lull I Ill I I 11,111 .,,11111!:111 !1 1,!11 11111

I u 111111.11 II* II I ,l\,l,lr,lli , “Ill I .1 1111111111..,
,1...,! 1111I 1..,! I ,Ivul ,~n (1. c.., ,1 !Il 1*1,11 1,,,

lr.in.,ll, rm,. d IMII, ,1 lll.:ll.,l Irl”p ,,,1111Iyllr II 1!.11 ‘1,!
,tr,, p,. r I ICII. I Ilrll,:r Irnnlllt:, .Illll.-rll ;l,l,,llll ,1 I Ill.

%ll!llm.1 1, I 111101,1 III’ .1 l’,l- 11111111I.,11 Illi, r’m.111 ( I .,. .,
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nlphn-pnr L Irlr bli[ ;dup rnuno tho ton rrmprrnt uru

tl) rnll hvlow 8 kvv. A ~lmllnr trn.lcccory Is
produurd unln~ an nnnmnlourn low r.-tcr tllrc.nrrd by
n llmltlrrn hL*riI.12 In (’l Lht’r CmE@ tlw burn
trl~i,rtnry I H in ~,rnd ag r rvxrv n L Wltll tll.lt
R KIW!ILLId hy the tlig!l-p GIIIdI’lJ f(~r a mt nlmllm..

cnoruy rmif i~:urilr Itm.
11,t. ilurn tr:. ~octnrv shtwn !n Fig. 4 I n Unld

.l# tllc rk. (,. rrnct, CnM&nfor W%llll.lt i,Wl Of rLWCtllr

porformnnro. Tfrl H tliurml Iy ~t,llllv Iwlrn nchlcvoti
fgu]tlou in - 1 n. nrl’ - 15-s h.lrrh burn [:.
foll,>wvd fry :1 2-] s quoncll r.t,rt,ld durlni; vhl..h
t Imr tll L, ‘ r:lpptvl im~nk,t lr fiuld nnd pi]st-burn

plnwnJ WIIUIJ h{, tlwrmlily dt~nlp.ltctl CII tlw flrqt

WJIII. FIUHIIIIIII thu nv~tcm wlrh neutrnl EnM, uII III*
rIIIli Inumunlv -v.nr!lnt Infl tht, nlplul-p.lrL Iel L. nf411,

rr. t.ltos IhII rllnmbl, r [or rht, wbticqut, nr hu[ n t-v,. 1,,,
TIIU huru cyclr IH sutitn[ncd fnr 21.6 s, rind 5 II III

.11 Ilwud (or rvnt.t, nt inn irnif rrruul Infl: thr lntml
c~rl,~ UII, II. I h.? ?h. h ~.

Trrmln:ltl,wl of tllr hslrll ,)’.,.l:r~ nH rhv
t,)r,~l 11:1I rurri, nt I* dormen~od !iinwnnldnily hy Iii,,

t,xt ,,rn.1 ! rlrrlil try, nllmln M Iht. 111.IH13,1 I ,1 roldx
r,) tho Will, rhu pl,Itimi\ WUI, I IhrI! ht. crmflnt.d hv

t hli I irlt will 1. whl}r Li ,lt*flt IIIMH i~ rnntri,ll.,d hv
r.nll It 1,:1. pr,lrrn:la,n .lnd Ihi,rmll rtwihlrl Ilwi ,It.ra,fa,a
I!I;IKNI,L II- [ [II I,! Irilppud inHldo rtltl p 1:l~m.1. Tll,

Inrr,,du,. t it-u of nrulrnl ~nH1.l ,1,, r[l,K (ho qtlrnvli

pori, d :Ihtulld pormlc ,,(flrlont twrr~:y rvmvnl in

Lhi d.h~ir,’d tl,-:v. All (II tlw flold Irnppud [IVIILI,I
thLI pl.lwn I ,11 quvrrrh IN I: mw,r,. :Ivolv plM4t 11::It ,.,1

t ,, 11,. 111,’1%11IV dl::%lpllr,,,l JIt th,, [lrHt w.111.
Frl,lit\,lm: .1 r.iiltr,, l 1(.d rllndfwn In WII[,.11 [hi. :11.1.:m,l
rllrr..l1l In di.i.r,,;lqd ;IH 1111. pl,IwI:I , l~y PIIIII - FI.IV

nll Iw J I.lr!vl fr.irtitul l,r IIIC trnppr.,1 (IvI,I tit h,!
rrll..l..lwl .Ind rrr, w,t. r.d. Slllr,l ., /,0: ,If t ill,
f ,.,, [r, III It 1111.. .Il,,rlrlt, p,twrr IM r.. Iulr,,d f .1
rt, pl I,-,, lhl~ d[ 4ulpi Iliul I 101,1 vnur~:}, wli:nl I’lt.Int

I!i,-r!,.1,1.,,1 In 111,, ,,nl:lnv,, rlnt: 1)-,:ol,lv wII I ,,rt. ur ,1
.I pl~tl Ii!tl iil 1111 i qtlt,ni,h f 11.111 1,1 rc.t,,,:,.r,.,1.

!~. IIi,--’,v-11,l,. I 1!1,11 l~l,lmn I !;lmltl .11111114

A ,., vnpr, r 1B4,,II Wll 1, I ‘lo .Ull, -d 1-1,11,11,. !1.1I
(r~itll II) W!ll mdI,l 1,1 11.11..1 t ,1 ~l:lll}!o III,. pr,. -

,111,1 1! ,11.1 ,,: thl. ptlllll m,!d.. I . “ t’ul.ll~ll .lhllli,, ,1
I i, I-’h. v 1,,.111I’1111W:ll 1 1,!;1.1:.!p, 11,*;II I 11,, ri.1 O.r,,l)t.,,
,1,..1 I .!111 (:. ; Wkllm: ) , Will 11, ,11mill .tIIIIIIII!I1.~

m,’llll! 111:1!1}: .7 qlml liIr puwor
1) I .Iw-,1 Ilfll,

,!,!,,l:;!, l, fl!,,l II,,.
IIIW. IIIV :1! I .’l(l r)), , A 1!1,,1 III

11, , pl.1wl.1 ,)-,::IIIW, 1) , .;l. r,,ll~l Ill,, 111111:11 hl.1.l
m ,,.,,,,1 Il. I 11,111 k “,(VII,1 I !, la 1.1,Ihi.ullIll“i,:. ‘1,

Wllll+ 11111,:11”111,.1 I:l#rl 111,. “9jWl,,,. lnrr,8,1,48..4 iI.4
II $,$ ,Iu,.r,.1,,,,.t Iw,,,.IIIw. ,,1 lIN, ru,hll,l.,l ,1111111IIV ,11
Ill,lh:un I II 11.,lrl r,,tmIIII:.ss, 1,1 h,. r,~ql..tI..wIs,
111 ..!l; ,.1”1,,1 I 11 I ill, 11,,. ’’.llr,l Ill 1,413.1. II l!,,,, 1.1
r,,,l,l,.l.tl 1,,. I.,w .. ‘,. m “r, pl I,lm.n 1)(1111 l.~11 1.1’ 1,,11
,,!1 ;,,ll, :,,, A ,. III; I.ll’I,,, W I!,.l w,.,. , l,, . ,,,,1 1,. [ ,,.,1
,,.,1 ,1 .. . . ....1 ,. II L,II! II 1.,11 I!l.1 1111. ,~11.,-11Ilnvlln I ,Bll,ll
,1,1 1,1 ,.,11 ,.11,,1!1 ,1 1,,,, l., Ihlwll Ill I’ll !!.. 1, i~t

11,,!,%1 1:1 ! [t... ‘,, ,1,,. p,!l,ll.1 11 ,11,1.I 111,.r,, I,,,.., I I ,,1,1

,1 ,119,, 1) ..11 III llItI m;ll:llt.1 Il. I It,ltl.i .Ir,. rl.lll,.,,,ll,
\llll, Ul!..ll 111,.1,, ~hl 111. !.1 rm.l,l.1111,1 Wlllllll 11.ll![l’lv

Ilwll! pi,. !ll, I,*, I !..: 1,1,t., i ‘!IIII 111,1,1,,.?. 1, II 4,,1,
hb.f I I Ipllr.i It,. ,BUlm,t,.,.,l, Ill.. ,1,.t.r,..t,i,~ III .1,,,.1! ,..”
pl.ll.,lwlll t,. 111!1 Ill, 11,1.11,!1 IllIll ,.,1.11 ,1,,,1.1 11,,1
hmm,,nm,. .1,.1 ia)tl.1 11111I I I 11,. Iubixltmlm IIlllwlll l,. 11,,
1 ,11., 1!,,1,,” 11.1’,. nl,, I Imll d. IlllIMIIlmllI ,.l,.,. tlilll
,, .,,1 [, .,, f,,..,:, , ~,,t ,,1,, ., : ~ , 1,,. ,! - ,Ill,i ,..1 ,,! ,I,,lw,,

1:1 }1,:, .1!1, plillro.d Ill 1!,!, 1! ,11, *II,! Wllll 1!11,
I I Ill 11.11111JWI’WII! ,Il!,l !.,lllll ,1,11 11#,f .1. Ill 1,
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ri,l.lr,.ill.ll In): p,w,.r lr,li.1 fIIII l,tr III,. /%fl-~~l.(II,ml)

pl.1111 WI*II III II,. , -
‘ “)’’,!;,,::: ;:,,,11111 : 111!-1111111.il 1,1 111,111 !,11,!1 hv

Flrt. / Ill \

,. 111.1.,.111, I ,,,

t Ill. 11.t,.

-“II( ‘ “’’’”’” “’”
I IIUI ,.n,. r,!l,
11,,1,1 II -
pr,ll,l II !,;:!1,

i ,1 I ,Iltlllb$

r,,:. 1414 III

,11’m-l ,*I Ill., pllllltil. ll I Iul,l [.,111 [pi:(, )
1111. I 11’lll!l.11 pl IWII ,.111’rl.111 , I

!111 Itl. ltl, l, (Illl!llll *’ :;::::
III.’ IIIrMld.ll II;ll lliil [w,) I,,

1111I .I IIrl, II III. I. .I II 11111Irm li~r,~lll.ll !JI,I,I

.I1 r. v Illlt I [ml, III,, 111.1.mtl Iq
411,1 1 ,.,lll ,11 .1,1! ,,lll’ 1,.,,1 . I

Fc’ -
1.’ w+,

i II Ill,, I’FI’, 1119. 1’1:1” I wrri. wl III
I II,. l,r I,,i I,n .,. III 111,, l,,w-1,.m~ii.l..llllri,

11111 1,11,1.11 I,,lllv l.l!;l,lll,.l Ill): pl.1.111,1 Ilv .ILII,.1 1,1,:
I 111, p~,. ,! ,1,.] ,:.: ll.mpl!rlrllv 1,1 I Il,um,pltl,lr

lql’l,~r;.:,’lli’rlll!l (I ,1111.1,.11 t:m I.ll.MI.lll) ;11111 I llu~ll



. .

SIUMM r y

Zcr.b

Parmwrcr (N.1/m) Bllrr ‘- - ““—— . . —. -—— -. ~t-t~t:L*g ~

22.
1.0
3.7

19.1
8.9

14(1.7

0.0

---

In. rl

---

hl,h.z

---

~1),/#

(:1)1,r,.,n,,!:I,r:l IllIlll,: mIIl I [m, rmllmtl,m.

(h)l,,,,,,,,l ,),1 ,111 ,.tlor}{v r,u}flrts.m,’nl t Ima. I.qll:ll t II

2fM7 11,!hm II lllllr+l IIn r Imt, !l.

1,111 . ., .,. . . . . . . .--, .(,

F’lv. It. I’!,w. ,ls.p\l\\l, ws~ ,,! .l’:.~1 .li:l~ pl.1~ull.1

I ,w.,r II IIrl S4, h-f .I .III, I ur IUI. I !IIII II-III I r 11,t tlIII flIr

I 111, ,1111111111.11,. 11::11p,~ll!l .

1!,1!.; 1,1 I Ill. Prl’ 1II I !,,, Itrll. 1,1 , 11.1 ,1. 1111,

Ila$llllp,ll Ir .nl,I .,r.l,,,l, iii. r II jr ,Ia, l .1,,1 !,111 1.1 .1

t r.in.ll,. r I.l IIrIIIIIt , III 111.11 tht- 1114’ I.lll. r,!V f I I .0 I: 1)
rl~ulll,..! I,*r 1*1,1: ,11 I Ill. I 1111, I II I Ill, .,,, ,, :,.,,,, .

parmm, tcr—-

FLrHL-Wnll rirdluti, rw(m)
Fta!or radius, !+(m)
ToroLdnl p14Em.1 current, l$(MA)
Tnrrrldal Field nt rhe rntl, 71$C(T)
roIoirhrl rf~’u nt the cnll, ~c(T)
Tornidnl coil encri?jj, WB4(GJ)
P,,loidnl coil on{, rgy, WII,WJ)
Flcld etse cLme, Tw(n)
Rum time, TB(n)
GYCIU tim~, T (5)
;vern~e f,,rl~urrutp, [R

Avcrnl:c pl.lnmn Jerrnlty, n(1020/m’)
AvuraRc piano tempernt!lrc, T

i
~ (kuV)

14.1 -F!c14 neutrnn currunt at f }mt wnll,
Iw(A’br/in”)
p,nglrrecrln~ ~-value, pr
lfL.clrc.l,ltlng prwrr frn’ct inn, n - I/Q= .

Valllc_-—

1.5
12.7
2rl. o

2.0
2.0
3.7

11.0
0.1

21.6
26.6

0.5

2.0
15

2.7
5.n

Nut plnnt t! fl’l(:lwrry, II: - I, TII( I-I ) (1.25

1111!.!1111!, ,.,11 1,1. llpl III r!,v,,t.1,11 111 IIIW Pvl: Illrrulll ,

II pllImII:I ,Illrrl,ul Ill 11111111ISII dllrlul: thII I lmII WhISII
I 11,. till’ ,1.1.11 rll,l,l (,,11!1 tllll,,,l 1,! ru,utm .: t.
111,111,,1I..%lv. A h,unt:p, !l.lr ln,lt,~r/b:8*l),,r:tl,nr l-i .II,:I,
Nfir,l .1., IIM. nUIIII ,.m~r~:v ul ,Ir,, ( 1. / 1: 1) I l)r I hi, “l’l”l’
,Iv.lt 1.1P. 11,1, t ,,r, i[,l,ll , 1,. 1,1 III I lrI.11 1-IV rt..,,,,I .1,.,1 III
t l,, .;,,,,1,,11/1, I ,,,,1.,s1 f.il, I ,1Iii r,, pl. m IU”lWOOU Ill,, rFlm
111,1 111,1 pl.1ull.1 l.,l,:, ~, Il!.1.l Wl; lllll I Ila,
111):11iv-1.1111,111,,1 Ill): ‘1’” ‘Ilr,.1,,): Ir,,pl,,.,1 .,,,,11,I ,I,im.i

r,wvllll I IUS.II,IVII I :,. . hill’11 l.~l!,l,l.11 I 11,1,1 1:1 Illllv
V,, , ,ru,,.1 ,MII Vlrli. Ill,, 111.II MI.I II I ,’:ll! 1,, -n

III .I,lm.l
~1 .,1,!1 11,,,

,lIrr,.iIl 11.1.1 r,.., ,.lm,ll ,! m,iwlmiliq, 1.,,! , I.tl’ ,111,1
T]:l, !,v.. t,,,-, ,,r,, ‘t,.r,*,,,lrr,n,l~l (1 .,,,, 1110 Il,t,q,q,timl.ly.,

nr,. .il:l, rl .1, I rt,~ll t 1.,1 I rilm I III. 1,111I,t) , ILIIII 1, .Illrl

-111, ,Ir,’ I.1,11Ill ,Illlvd ,,,111.1! 1,11 1111.Illl:lllllll 1111’,1,11111

pm.r!,lll, II , Iiv I .I,,ll-r,l.:i.r.i,ll -m,i,l).llll,u,) 11111 I I

111.111111.,/..,.81 h“ .,,, ,,,,,. ~,:.; , ,,,,1 1, ,.,.,. ,,1 I 1111.
1 - ,’[11) I 1:1):1111, .’,1. ,11,pl. I I I Ill, I 1,,11,
,1,qlllld.. 1,.,, ‘k’!!’I’” 1,!,1 !111,1 ,. 11.1.1r,lll lr!llpor’.ll Ilr’1, ,
p,lloll,ll! 1$,.1,1 .111.1 11’lm,l 11111.11 ‘.,1111111.. 1’111. 1141111
pll.l,lm. l,, I ,~rml II;, I 1.,1 “1,,.,, 1111 I,ul t omp.t .II urn

1,



dacrenncs b~lrm 8 keV because of fml burn-up and
nlpha-partlclc nccursulatlon. At thl~ pnlnt in thr
RFPII p-or cyclo the crnwtmr ❑witches in both the

TFC and PFC olectrlcal cirruit~ are opened. Ueing
the homopolar rootnrlgcncrator na a tranafcr
e l..ment, the PFC current in ngnin reversed, and
the lnnncintcd enorgy la atorcd in the eupcrcon-
ducting PFC . The toroidnl field cner~~ not

trnppnd 1,1 the plnama is also :rannferred to the

homopolar mntor/genurntor unud for the TFC ener~
atnrogc. All field energy trnppcd within the

pl.lr?ma in nasumed to be thcrmrlly ,Iianipntcd

durinl{ the plmwna quench. The cnil/llomnpolar
trnnfifrra occur with an lntr~nnlc machine
efflctrn~y of 95:. Parnrctric studies 1 nhow thnl

the rcnrtw porfnrmnncp im not seriouely dcRrndcd
until thi~ trmtrfcr efflclcncy falle belou - no:.
Ct,ollnfl of tllrpoatburn plaamn na occurm. A
quti nch prnct, w thnt Iq limlccd by chSSLC’nl
tlwrmnl conduction nnd renlativc field decay nwld
bc prohlhitivcly lo-g. Gcnernlly, it is nuppoaud
rhnt nmstrnl gna wnuld bc added to the plnnmii and

lnstnbilltlcs wuld occur to eid in n thrly d.I n
contrnllablc plaersn quench. ‘f51c poatburn plama
enur~y (2.5 ?L1/m) nnd the asmocicsted trnppud field

t’n,*rKv, (21.5 )fJ/m) n.wu.$ to a total flrtst-wnll
ontsrj:y dt. nsity rIf 2.5] Ml/m.. , which in ILnHUMCLI ! o
bc Ilni fnrMly dvpos[tnd on .1 - .5-,9 t lmwnc,alc. For
- 5 ts ,Ifler inlt i.ztlnl~ rhc planmn trurnch the
ctmt lnlhwlnly opor;lt Infl ,.vwwum syHtom wowld purl!.,
:,IP 568-m] pl.-s~m cll,lmbcr whllc frush llT gan WIIIII
hc ndllrd. ‘ryplcally, thu h.wscl:~-.~h~undy-wtat,,

hvlltm r!nllrontrnllnn wIIld h,. mnlntalnod hy tills
Ctlnt lnuo!ls pllrl!c nt or hvlnw - I ntr,m z. Vifiurm R
X [,..l~!l t 111, t llml-(lt’llt’lltlL~nrl* [1r import.lnt p 1.1Mma
powrr:l rompuIod fnr thlq dusign.

TIM! pnw r-plnnt cmh,wllmvrrr thnt IIM hcw,n
dtt,..t.li!pt,d IW1 LIIII hmql~ nf this rcnrti)r op,rntl, wi
is di.plcr l-d III FIIw. 9 - 13. llu 1.5-m- rndluri
PI.IWM rlln:ahor IH Inrmd hv Ml, 2-m-lnn~~ FlrNt-
Wflt l/l)l:lllk,.t/slill,ltl rm),!ulPN, rour of which aro
dl, ph. tlvl Ill Fl ):. Irr. FJMure II ~i.~vri nn Iswm,lrlt
v I l-w 11r lI,J rtvw.Lair, 1111 [111-vlt 1(111 vlcw Ill
pr(,wuntivl In I: I,:. 12 iIId Ply,. 1 I wwnrimrl,:u:i t Ill)
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supcrconductorg (NbTi/Cu/stninletm-a tccl) thnt

encircle thn inner and outer major rndll of the
rmctor. The PFC eystem would be permanently

flxcd to structure anaociatad with the WX1lE nf
the toroldnl vacuum tu,.ncl and would not interfere
with procedures needed to rewvc any of the 40,
2-m-long modulen. The TFC sysccm conel.qtm of

tumcy lw-field (2.ILT) circular cnlls that arc
poeitloncd ovor alter~te renctnr n]duleu; ●nch

NbTt/Cu/stn inlens-steel TFC WNJld ha.:e a 3.6-m
radium, a I.z-m length and 0.5-m thlckneos. The

current distribution in the PFC ayetem would
● mnure thnt the verticnl field co~oncnt 1s
eufficlcrrt to mointntn the pl.uana in toroidnl
equilibria. smll, norrnml-conduccing feedback-
sca~tllzatiun c lln muld be placed between thu
blanket and nl,Luld (Fig. 10); thcsa elnw-pulz.ed
colln (< lrb}[z) nre considered part of the reactor

module nssemhly.

A number of vacuum entry achewn hmve beer,
considered. Cme echcrne usee ● mobtlc remote-
handlin~ omit and lt~e-eup~rt nyatem thatmuld
be pos~tloncd river the raact,>r mmdulc(a) to be
repoMit ionrd “!l’te mobile remote-handling unit
would be alzcd to contain only one raplacoment
module. The unit would ,imve in the rcnctor hiilL
abrrw. the ~.nclma tunnel, wuld mnkc n lrIcal ‘iaclluln
ecnl and, aft~r the unit wan cvacunted, WUILI
dtscannrct nnd remnvc n 4-m-wldc by 8-m-inn::
vacuum cover plmte. % toruldal field coils nnd
tipproxirmtcly four rcnctor rnodulcs wuld bc
Capoflcrl nnd dlrcctly nbsurvablc by mnintennnce
pcr!rnnmcl situtiltocl in n controL room assnrlntcd
with the mnhllo rl.plncrh. nt unit. An iJltt=rn.Jti.:L,
nchccw would nlmply hrfnfl the cntlrc VIICIIUII tunnel
to atmrHphvrl,. prt~nHurc (Inert gas) nnd UHC only n
❑rihlli~ 11’pl,lcerwnt contrnl room to rcm~vu wd~le.q
firYt tn ttle KL%lCtl)K hnll nnd UlthiltOl~ t{) n
Htn);lnl;/rcpflIr 1}01, CFIL arun (FIRH. II and 12).
In nll llkullhnnd hnth rmtntcnnnrc EC;1IM1OS mtght
be unrd; tllr mobile rrplnccncnt unft wuld hr
Chq][oycd onjy fnr unschc.lulcd mnintmrtnllcc, Whcrww
thv l.lrtcr :lppronch wuld hu urrcd durin~ a mmjrr
re;lrt,>r ovcrhmml . A third apprmrch WJUld opvratr
bnt!l tn.? “.mcil,m Lllnnol nnd th~ rrflrtnr I!u II un,h,r
v.-It:IIIIm: thv ./,ILmIIUn blllltllng :Ipproflch wntI not ~l..-en
IIQtallcd cunnldotnt inn. TII~ method hy +lIlcl.
blnnk., t and HIllulrl lrm.lllll*H wuld hc rumovud Is
dcpl,.t,~d In Fl~n. 14 nnd 15. l%c f’FC nyHtcm [H
nnt dlnwll , nlncw lt WJUICI nnk lnLorfcrc with the
modu~v rcplnccmont npcrntlon. M notml prevlcmw-
Iy, tho Tt% .qtructurc vnuld br rlxrd nnd wnmld he
14urllulrlltly open tn pcl .nl t rvmtlvtl 1 or

bl.lnkot/si}lold mIMIi IImH hy ~lmplt, ti,.111~1.ttlmnnl .lnJ
v~, rt lc:ll mt ltNI14. Mrll 2-m-l,vi~ hy 1.5-m-rndl,lll
mnd,l I ,! wutd b,! hydrmll icnl Iy mnd uloctr[cillly
Illdopldollt. h Hhnwn [n FfI:. 14, m 5rt-t 1?,11141
homl-ryl I!l,lrli,ill qhll. lrl t:iuk WIIIIld hLS Iifti!d
h,,t,wl,{.11 1110 wt,lilimnry -nr, )ldnl t Iv III t.nl 1,1, nft,!r
dr. ilnln~: ,lppr, ~xlmntc.ly 27 tl>nn,,n of horntud w:!ti?r.
‘Thr,’l’ ilr~L-wn ll/lll.!nk,. t MINIIIIPH, LVIrlI w. I;; II IIII: rIIl
tallllll~ i , Wn,,l,l ll;,~n ht. r,, mov,,d. lllv n,ll).~ru.,ln-
dIIr I.1111: nvl~!nt,l I.,IIIH ,Ir,) r,),l:!l,lilrod tit hu lIl::hly

r,ll I 1111,1 rawqlnna.ml II rhn t W!ll I d r:lrvlv 114.1,,1

m.1I !lL, Wnnrt’. pr,IVI,IlltIISI :Irc Cvlu!’. llllwovor, r,,r
II II I~xp I.@Lt, d IWIL:II:OU In tll!.Hu t-.)l Iq. Rlpl.wlwllt ,Jr

a TF~~ WMIld r,. qulri, n rrlunhc,r [In’ hlo!nki,:/~hli.1,1
mntlilli,.1 to ho rrmovd, n~I d,. wrrlhi~d nlmv:r, III
ndillll,!ll .1 I,wi’r lit~ml-t,yllll{lrlt,:ll Hhl,.ld .lo~:rm,n~
W,nll!l ht. ,,MI r;l,.tl.,l rr,, m till. v IrIIIIn I 111111,.I h,.l,)r,,

this rFr (- ;0 tonlit~,l) ,,IWIIII h!. llr L1.[l from 1:111

ram.1,.l,lr .lH!ll.mlllv. All IUII(IIII: II flrld {-, !ll){ III

FLu. 14. Schematic driq.wilg of RFPR modules,
flluetrartng removal sequ~ncc of shlalrl and firnt-
wall of ehlcld moduloa.

W.f.k-”
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and relinbllicy analyscn of thin JoininRl
disconnection requlrament remain co bc performod.

B. Renctor Sub~vscema

This long-pulsed RFPR dc~l~n invokes a con-
ventional, ateom-gcnc!~ting technology ambndted in
the water/atenm cooling o~ a pricked Li90 bed,
❑talnleaa-steel structure nnd aEagnnnt

berated-water ❑hield. lhe direct-cycle ❑tanm
eystcm ie not uniquely applicable to the RFPR, hut
adaptation of thta scheme wa~ made to inveetig:ite
the tcchnols~icnl and economic tradcnffe
anaociatcd with the eliminnticm of a aecocdary
heat-tranafcr loop. ‘lllin ❑ection addreaaea
neutronic, thermohydraulic and mcchnnlcal dcaign
of thr blanket. Trititm handllng, vacuun ayatcm
rcqul.cmnts, ●nergy a torage and switchtng, and
euparconducting mngnet coil requlremcnta nrc aleo
briefly de~cribed. Reference 1 provtdcH a more
detailed trentrtent of theee aubsyatema.

1. Nuutronlce Analyais. Two aub-modules
constitute the RFIJR core; the first-wnll/blanket

module and the shield mdule. ‘f%e firnt-
wmlL/blanket module conntstn of a plmwna-vncuum
rcgior [,]llowcd by a 20*-th~ck copper first
wnll. [Iac nf o copper first wall repreecntn a net

bcnufit for trt:ium breeding by enhnncing the
ncutro,l mltiplic-tion. IIIC blrinkct IS rompriscd
of a wnrer/stcnm-cooled packed I,iqll bed and
a talnicss-atcc 1 structure (40 vfo “Li2fJ, 10 v~o
11,1), Ii V/n ~tCCl, 35 ‘//0 void). Fnr the purpcac
nr t!lo. nuntronlcs nnnlyeis nll nmteriala Ln the
blanket wcru hnmogunlzcrl. ‘Ill e shield modu Ln
conelst~ 0 f n tl.1-m-thick Cu feedbnck CO1l, {I

O.1-m-thirk It’nd rugton for P@wwn-rny nrtenuation
r~d .? stal:lnnt 1.5-m-tlllck horared-wnter (lJ3.fl
V/fl]%) ~hlcld. Ik.ynnd chc 9hiclding arc locntcd
thu Cu/!lb71 u.ll;nutq.

,For n lh.1-MrV ncwtrun walL Irrndlng of 2.7
?fkffu- thr tt]tnL hrntlng in tlw fLrst-wnll/blmt!:et
mndlll~. 1* ZR. ? W/m, with nn ir#ur.n Kc power dlvmity
in thu hl,lnkct t~f 5.1 uulm3. ‘nl c ftrst-
wa; lfblan’kot !lystlm rurlrwrs ,9. IZ of thu ruslon
n.,lltrl]ll trim,rgy. Thu trltlm bre,’dln~ r:ltl,] iH
1.11 Wltll n tornl Itr,llr rnll t,nuruy wnrth of
16.3 !41!V. lllu nhlllly t,} hrwd trlcl,m wlthnut n

nrvtrfvn multlpl I,,r rvwllt~ frnm the 14.5,? ncllLrtlll
mwltlpl 11.:ICI,WI tllr,wth tlw (11,211) rvwt Inn In t Ilu
coppvr flr:il w:II1.

-. Ft~{.t-Wnl I .Irwl Blilnkrt Tlli, rm[~drnlll lrs.7 .-. -.. — .._ ______ ------ .
TIIL! M1-tm-tblrk cq~pur flrHt w:III rt!r(.lvv!l 18.? or

.--—---

thu tf~t,ll thormnl vnl,r~;y pr,~dll,:~.d hy tlw ruwtor.

TIII.I flr,lr-will tllvr~~ll lnndln? 1.1 mm-h xrl’:ltl’r
fnr tlII. I(WK tlwlll for nil l.qll 1./1 11,nt toknmk

IWV,:IIIMI’ i!f tht’ m:IwIIm:d h~lt,:h-burn, dl”wtrl..~rl,’rl~
npurrlt bm. TN .I,l,;itltm, thu hl;:hl, r llrf.m~l!lrnlllllnfi

rlllx, Wnll thl,”l.ll L~!lM :Ind (Ii, !u) rl,ncll,m riltl’
arun,lllt fnr th~’ ~r,,nl-r f[r,lt-w,lll tlu, riml Ilutio,t
rnd pi}wur Jrn:l [1 Ion. TnlI II. IV qummnrl.?v:l Lilt!
vnr I,MI,I thrrml Irlplll!l tll thi, [Ir.lt wnll. 1)111.

m.tnlri, -lt:l Llnll u)r LIIF? (11,211) ra’.l,-t IIU1 In r,qlplsr r:In
h,, ,!!~,*O,r,:#.,1 hy r,mpnrlnl: rho ,:II II In..l rl,. 111.;II IIII!

r:lt,~ w[tll th.lt [n tM vL.Iinl,.. I! I .It ,~1,1 u! rlh,tilr.1.

Thv rlrht-wnll onor);y rlllx I’ll!!llll [11): I r,mn II I,,
:Ihnrt,, r-t Imr ,il. p,vl I I 11111 ,)r pl. IwxI/l Ii.lll ,.n,, rl:v

durluv, thO qut~ni.h pilrl, wl 1:1 ~lppr,lxlw:ltl~lv 111111,11Ii,

tlm llrflm:l:ltr~lllllllt~ .IIIII Llll’rm,ll ,.,lll ,1,1,.1 l,,,, I Illllv,l

vnr, mlntt. rt.d dllrln~ Ill!, hllru pi. rl,l.1, f:,lllll l.1111,,111Iv,

thu rirlL-wnll Llwrml I 111X r,,mll n.a rl. 1.11 [,:1. I.J

Hater
Inlet
Inlet

Tabla IV
Summnry of Firnt-Wali Thcrmchydraulir.e

Parameter ‘laluc.—
flow r~te (kg/s) 1584
preaauru (ma) 5.52
tenrrmraturo (K) 360

Outlet tekperaturti (K) 530
Number of ~ool~nt channeln/nmdule 100
Coolant channel cross-eaction (mm M nm~ 15 x 15
Conlant channci length (m) 9.4
Flnw ratr per channel (kg/a) O.MI

Flow velocity (m/a) 2.07
Reynolds number 176,000
Penk hcnt fLux at channel wnll (~/c12)

● Local 1.79
. Averaged 1.12

Volt,metric nuclenr heating rate Ln copper
averaged over burn tlmc (MW/m3) 32.F

Averaged eurEace heat flux (MW/m2)
● During burn 0.86
. OurinR 4-s quench 0.6$

Peak wtill temperature at coclant
chnnnel (K) 552

Mlxirmm ropper tcmpernture (K) 613
Ffaximwz ntecl ta~crtiture (K) 58h

constant over the entire pmer cycle for the
aaamned ~-a quanch period.

The mzximum change in the avernged first-wnll
tcmpcraturc le 28 K, nnd at the plnema/fir~t-wull
intcrfncc the tcmpc!raturc chnnRu amowatn to
68.5 K. ml L8 maxlr.mm tempcrmltur. chanuc In thu
❑tainle He-atet~l ●tructure immediately bchlnd the
cnppur first-wnll during a giwn burn CYCIC IN
21 K. Ih?c.lu! : wf the murtcrntr tcinpcraturc chnn$,,
durlnj~ n burn cycle, therm.11 fnt~~um nholtlcl nnt bc
ncr[nu:~ for thu propn~cd hl~h-strength copper
nll(lyml~ Thu iHnall of rndlatlrwt effects nnd thr
rclmre.rl Hynvr~lnm nHH1lr L1tl?d With tll1n thern~ L
Cy: Ltng, Iwwovcr, requlrnti fur Lllur Htud~~. It in
cuqIhirslAud that rhc cnppcr first WJII dtlPH nor
ncr~w, n Htrln:tur. nl n r Vncwum-barrh?r fm’ictlmn
other tllllll tll[, rcquirwmnt tn prtvv,rvv Ltn
Hulf-lntuErlty nnd to nbllnt~lln nn n.:rt.pt:lbl,,
ml,wtrlrnl rvnlstl:[ty.

nil. SpilClllM hutwcvn the nd]nr[mt Cnt,l:lllt

t Ilbl.,t In thw pnckt~,l-hrd bl;}nk[!t (FIN. q) wnH mnd(.
9L11 I [n ordor to mlnimlzc the trmprraturtl
rxtrmm.s in thu ptckr[l hcd. TIIU hc.ltlnn r:ltcq
vnry @ n fnc Lor or ‘J [rnrn tlu! flr!ll-unl 1 r!.}: I ON
t,) thn (wltn!r bl:lnltl.t r,!ui(wl, ;Ind tho nvt, ra):o pl)wur
[Ioll$llty 1+ 7.1 xw/11”’. lhc r:ull.11 rnolnnt lf-t,dtt,:~,
(Fl~;. 0) ,Ir,, HpnruJ im ii uulrnrrn rlw’l:lnl:lll.lr }{rld,
pr, !l,, rl, lm,. r;wlillly I IIW:Irrl Vrtnn I1O I)lltll,)nrtil

mnll [ fnl,l:l. Hornll!ll, nf tllt~ ryl Ilulrlr:ll ~:mwm.rrv,

thl, !4p;Ir IW: !Wtwl.rll 11(1In[.l, nt If-t Ilhl, !! lllrr,.,130:,
WI LII r,ldlll,l t_rOm .$(:-mm il!..ar IIIU flrrlf-w.11 I r, 11,11,11

t#) ‘)(km III !hu Itttl,,r hl,lnki.t ra.~.,lon. ~.11.11 Il.,: (,!
r hl, 1:-1 ,11,,. [H p:ir.illvl WI III :1 ot. nL8, r-l 81-4,,.111u,r
HII.ICIII~~ IIr All-mm. IIo MIII:IIIY, $M(lll 11-l 14MIH :Ir,l
r,,q!llra.al I,}r II:IVII ?-n-l on~: fm!tlillo. ‘nllt IUIMIH .lI,,
m~ld,, ill (T,)l,,y ?-1 /’I }~tul.1 iIlli Iy wllh 1111 ,Illt!ll,l,,

dl.lm~’lvr ,,r 1}.~-mm :11111 :1 l-mm w;l I I I 1111.kIII.,: c:.
l:m.h r,l,!l Int !IIhI. ,Iilppnrtq vxrvrnnl I In-l .Irr.llltivd

l~~ll!:lllk!l:l.ll!t” I,! I.llll:llll.,. hi.. II lr.lu:lfvr I rum than
p:ll.kl’11 l,l,,f~ hod. 1111. ri..l~ll I ,1 III 1111. lll.l Ilk IIl llii,r-
m(~llvtlrnlll r,, {,,11,.1,1,11 1,)11,, ,1111 .4wm3~lrlz1,,l III “T:II III,
v . 1111. ,tlxlm,lrn It.mpt. r.ll,lr.. 111,111}1,1. Iilr .1 11-l,ll,t,
dllr [III: ,1 I,,,w,,r pIIl J*U .Im,ullll.l III I,nlv ?.’8 1:.
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Tnhle V

Reeults From Blanket Thermohydraultcs Cnlculatinns

Parameter
Coolant flow race (kg/s)

Coolant fl- rate per
U-tube (kB/n)

Inlet temperature (K)
Outlet tmpcraturc (K)
Nominal coolant preasurc

(UPn)
Heat flux at U-t#bo inelde

diameter (fW/n,”)
Volumetric hratinx. rate in

packed bcd (W/mJ)

Coolant mEn velocity
(k,./s m~)

Coolant Reynolds rmbcr
● Water tnlct

● Steam OutLet
U-tube preesure drnp (kPn)
U-tube wall tc~erature (K)

3.37( 10)-3
383
551

5.5

0.43 - 0.066

9.42 - 0.7

38.9

4.74(lo)~
22,flon
< 1.4

475 - 781

s.ecau~c of the large thcrmnl capacity and lnw

thermal dtffusi”~lty of the L120 powdrr, nny

auxlltary thcrcul ntnrdgc to mintain ~ constant

nutlcr coolant trmperaturu apprnr.q unncccnsary.

Tritium Iinndl@.3. Tritlum ianlatinn from

botil tlw first-wall and blankcc coolant loops hns
brcn assumed on the bnmle nf pruneot undertrLnnrl-
inR. Low-lcvcln of lxygen Ln the packud-bed,

prwmm.lbly prc~rnt !n renrtnr-wrn,ie hcliwn or

relcatiud by the rlcscruction of [.1,0 occurrlrrg

dwr lnJ: tilr brvcdlnh proci!m, will rn~idly oxidize
K.I:~I:,)u$s T,. qtfFuHtnn of T2tl throuRll ~tecL nt the
trrq]cr.ltuF,,s l!llt ii~,al~cd ellollld hc ncgllgihle.

lsol~tlmn rif tritlum gns in rho pla~mn chnmbcr
f ram th- flr~t-uall cnnlant wntur nlsn appear.

fl!.l:ilblu in t!i.at dlffurlort nt the 613-K PO:..

tlV3pCr:lrllrL*9 w~lll’1 11 rlnciplc Lend to nuglinlblc

t rau:lpnrt thr,,u::h tlll! 211-mm-thlt!k [!npp(!r thnL
Mt.p:lr,ltm tllr plrinmn chnmhur from tho firnt-wnll
cn, ~l;lnt Ch:illll,, l . nil. trltlum contalnrn,!nt nnd

l:lvl,lti (ml qllr~tlnll, hGWC.J<!r, rcnvtina fnr From

rc!Hol.;orl for -m ,Ictun I rn~{lnrerl ng Hynt, !m :’,~.!
Hy .at WrM with ,]nlntn, weldmontwr tllrctt-cllmt!nstollnl

qh:lpL1!r, l,tc. ) . TIIU mllntc. nitnca. ,lf n trl t Ilun-fr,,v

flr:lt-wnll rotll,lnt In prnhn’)lv moru wn{!ortnln thrm
[or tlw hl.lnkrt vnnl.lnt ●ytit,,m. Iliu ~upnr.ltlnn of

r!olt L:lllr lIIOpS, Ilnw(!vpr, mny p,. rmlc npt~rntlnn of :1

HI I}:lltly .-011L,l M[n.ltl!d flrWt-Will I Irl{lp, if nl.raS!4-

nmry, :1 Ithi!il;:h t!lr lmpilrt nf Lhiml ijpi,rllt itmll IWI,ILI
t>n Lho n.p.r.~ 1I Fuel hnl:lnrt. rvwll n:: t 11 h,.

‘l Ilalll I r 18*.1? !,:1!11IV , ,11.tnl 1,,,1 pnr:lml, t rl,. Ml Iwll.,:1
of tho trlrllm r,, Itvlno kin,’1.lr~{ rrl,m Ill,. 1,1}0

p,l,.k{,d I,t,tl Ill.’,, ht,tIII ml,l(,, 1 1,111 IIl,. :l,arl,>llflll,.:~:h ,,1

Irlll,m {Imn,nl,,r,., I:IIIIu r,,millll,l l,, b,’ ilr,’ur:llf’lv
rt,:ltnl’wtlm

pump for encp. ui 40 ❑odule gi”,ea a pumpin~
C:lpilclty rtf !0 l/a with n total power consumption
nf n FM!.

lhc rwtgnneing rate from degrea;cd .eteei .:nn
been

-- , wh ch ‘nr ntsken ~mn;,:f:;:~ :r:at’’:;’=-mlob mJtotal tunnel gives

;;!.~:;?rria
nn,l a minimum baec prcesu eg of

tnrr ror J total punp apecd of jO E/a.

Between onch 2c-e bllrn pulac~ the 560 m plasnm
chamber is filled with DT tn n pressure of

- 10 mtnrr, requiring n throughput of - 200 L
t,)rr/M for which a ❑!nimurn baec preaeure d,:rtng

renctor operation la 2(1’1)-4 torr.

l)ifflcultic9 (.nvisnged by uatnn a Roote
vacuum ayatem ,arc the relatively hifih baac

preasurci r d ‘he prceencc of a back~round

❑aRncttc field that cnwld intarfcre with a

rotnt ing wchine. Uee nf cryopumpa nhouid

alleviate both the bntrc-proeaure and ma~nctic-

flelde problcnw. A cryogcnk syetm WUIIld hc

similar to thct used for other fusion reuctmr
dc~Lzne,17 OnL.-ha~f nf the cnpacity ~uld bc u~~d

nr any given time. lllouing for pmnp rcgenc rnt [on

without interrupLtcn OF tht? vncuum ayetum. llet~~
a cr.ynflcnfc pumpinl; npco d for I)T of 1.3(10)5/M m..,
the pumplnu capacity of the l,6f10-m2 sy~trm is

log I/n, whlc:I iH 109 timcl! thnt requ: :d for
idcnltzc~ RF?R opcrattrin. l%c pumping spel’d for

hcltum is .approximot,?ly 75z that JF hydrogun,
whc rcae air IH pumped at - 5% the ratl’ of
hydrogen. Appruximatcly 6.2 We of rcfrlgcr~ltion
p CULir is needed to power thie 10H t/s cryogenic

nyatcm.

II



6. ~c_~rnnrlwrtlnE Xn~nvt~. SUP rrnmhu. t in);-----
Colls =rt! IIHA for borh chc fifir)tdnl and tnro[dirl

f 11,11! Hystlml. A ❑nximllm ftolcl ut tll.1 L(, lls 1)1

- ].rt T BLSJC* a mnxlnum field rirru oi rhan}:c of
?0-.’!0 T/n fnr the 0. 1-s nt.lrrup. l?Itw rnLl:-nf-

c hnn}:u and nbsolutr mgnitud,, 0[ miignt~tlc flulrl
rvprc~cnt near-trrm tcchnnlophv I“or NhTl

~klpa.r~.tlnduct(~rsm A dct;lllwf do~tqll of a 20 ~{s
coil with it mmxlmum field nr 7 T hnn hct, n mrrdv.
Pctvncl.11 prnhlura~ arc encnunr urud Wltll t ht.

C.-IMP] ln~; of thu toroidill r 11 trl till. pt?lolll.11

UVnllv!l. III!, rnh;lnr(~d ~ddy-~:tlrrunt lnM~oq Induuutl
In chL, Loroldnl COL1 can h,? grr.atly rvd,n:od hy

all f*rnil Llnfl t 111. twl~t dirvct inn of tllc fll(nmontg
nH the roll in wnund.

TIIr o.”riln~.munt t,f mnl~ncrH :rr thl~ dcslxn IS
ulllqlll~ .Ind V,ont,r:lilv :Lmfl,.~L t!::.,.,:..1111,Il:r,>!
plJMm.I ,O,mflnml,nt prim- rlly hy onrr~\v-c~[lcl,, nr
pl)lll[dnl ficld}l. r.nllsuqut,ntly, rho p~)lnid{ll flcld
nnd v~rllr.11 ~[I,lJ ,.,11 !ti Irln,, rvmv.wl frnta rlw
rv;lrt,), CLp.. yGr-_*}~. lV.1, rcuulllng Inrro.lno In

bl.lnk~,l ;Inll Hhl,.lil nccvsnlhlll Ly l,mh c,>

opor:lt i{wt.ll and ml I Iltcnilllcl, nd..mlltnx~:H thnl fnr
UU(WO1);!I Lh(! - fOt Lncrofifiv in ~torud mn~ncllc

rn, ~r~; v. Illt, i! iIU,B1.lr dlpvr:lti,m III’ rli~, pt)lt)ldn!

cnll ny~ll, n rl,.11111 !1 111 I Ill, nnm,jpn I,1 r

m ln,r,tj,l,il#.rnil 3r w., r:l n!: ,111I y ;1!+ , l!:lp:lr I t l,; ,,

r r.ill+! ~,r s,1,.,%,111.. IhImIqIII I I r mbr,3r/fi#,fif~r:lt61r4

H,,r.h, ,1s :111 (.ui,r:~v Hlf~ru [or rlw tnri)ltlnl O“lt.1,1

C(II III, Whll-ll .Ir., :ltl[,qll.lt,,l:~ qp:lr(,d wltliin -l 1).’1 ,

I lrld-rippl,, crltorlt!n tt] JIIIIW hlnllkl, L/:111,,1.l

rupl iu’tvfivnt WI tllollt d lHturh lm: LII[. HI.

pt. raln#nrrtly-l [xi,!! rwlyI1a*Lq.
Sm:ll 1, n(lrm:il fowlh;lrk CWI IN muut h!, ~lfl’lx~,d

L th,, Inut.r rdiuH II( this ,IIIII*IJ NIIII-FI, II II III.. 7111.

H Inw (- II) Ilz) fi,dh,luk ri, qwlromr,!t ,1, VIII 1 f!,, wl:!n.
p,mit.r !lIlppl Ilvl, and Irwil rmm, ut.lt Itvd-alnl r ,1
.Hy,it .Wl:; 1,;,,.,,. 11(9I 111,1.11 +pl. rl I I 1.11. Al t h~~,.):h
pr,, llm!nilry i,..tlm:lt(.!l lIItllrnlt. nr, rt. pl:lhlt. i.n(,r);v
1-,)11:,IMpL I*)u :11111 tl~l.11111,.:11 f,,,l:llhllllv, till,+

inl,,,rl.lnl I,a,l,la rml,, t ho :Itl[lr,.n:l,.d Ill rt,,l,l l,l,lr.ll,lv
m,lro, di. 1.11 1.

\’., llll!::l,l,l [s111:1. . . . .

A., I,*r Ml,!it tvll)t .,.,11Ilil I t 11,11,111 r,~.1s’1 ,Jr

HI. III IIC.U, 1111. ..1 ,SIIhI I[t,. ,1111r...i:llhllily ,11 mtn,lt
,,,,::l,,,.,. r[ :,: .:,/ .,1 ,.m,q 1.1 .,,:,, rmlu,,ll In I.lr::i. p:irl Iv,

Lll,l pll..,ilf,,l .1,1 Illn,,,l II, }!i.n~.rlltt. !11,, r,,ilrll!! pl.1.im,l
:nalil,, ! :111!1 rol.ltl,ll i~lli.r~:y 1).1I 11110,.u. Elll,;.,:v I,i,:l
I’riuq II:,, p;. I.wIiI 111,.,lrr,l,l durln!: Illl!l .11 1,111 -lull

.lll.lr l~ll.lll!, !l ,,f 1118. I 1,,1,1-r,,,.,,,r.l,,al 6.,*III I,ylr.lt l,),,

r,,pr,,,l,,ul ,. I!U. IWI Ilsr 11111..~rt:llill v, ml,, pl.1.:m.l!

f 1,. id/t Ir.il-w.11 I r,, IIMUI II, J,irlll}: thi, rl. u,l, wi phnw
,11 Ill,. ],BII;:-1*111 i,. 1,.lw,,r I-VI. ll, I,ra,.a,.:11,1 :1 01,.I.4111,1

Imp,trl Inl l,n,,a,rl IIntv. Wllhlil l),,. ..,,ll.:lr,lltil II 1,1

Ill,, .I, I.. UIIII I,v! I nl,l,, I,!r I),tlh 9 111.1’):v ,., !1111,1,.11, !1!

.11111 rnln,l,,wfn I,l,t,,,l,,,.,,, 1,,.1 11:11,, 1,. I.111111,:11 .Il,,ll, !ll,l

I .-l II I ,, U: 1111,,,I”III..: ,,,:. 41,,,7,1 II 1.:!, 1~1.1,11 Irll,lll II 11.rl.
F,,rl ‘) ,, .,,)r,, , ,1,!ll ,11! I .. III.. .11,,, [1,.., ,,[ 11,. 1111Illl,llt.1.

,1! b,, ,, pllrvlo ,1 (l .,.,, I., !l ,1 .11111 ~,ltt!l u,,,. r I II!:

p.tr Iw..f .r . tl. ., ,,ll!, !,. ., I l.ln,ll,.r/ ul,nr.11:,.
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